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We report the results of our investigation of SrPtaP, a recently discovered strong-coupling su¬ 
perconductor with Tc = 8.4 K, by application of high physical pressure and by chemical doping. 
We study hole-doped SrPtsP, which was theoretically predicted to have a higher Tc, resistively, 
magnetically, and calorimetrically. Here we present the results of these studies and discuss their 
implications. 


In 2012, Takayama et al.^ announced their discov¬ 
ery of SrPt 3 P, a centrosymmetric material that crys¬ 
tallizes in an antiperovskite structure similar to that of 
CePt 3 Si, with the notable difference that the distorted 
PtgP octahedral units are arranged antipolar rather than 
polar^ which leads to centrosymmetry as opposed to 
non-centrosymmetry in CePt 3 Si^. This ternary platinum 
phosphide is a strong-coupling superconductor with a Tc 
of ~ 8.4 K^. Following the discovery of SrPtsP, several 
conflicting theoretical papers studying the electronic, vi¬ 
brational, and thermodynamic properties of this mate¬ 
rial were published^^®. One suggested that the structure 
might be tuneable by an appropriate choice of a sub¬ 
stitute for phosphorus^; another suggested that the Tc 
might increase with hole doping^. 

Herein we report results of the chemical doping and 
high pressure effects on the properties of SrPt 3 P. In this 
study, the samples were prepared as follows. Stoichio¬ 
metric amounts of platinum powder, phosphorus powder, 
and strontium pieces were mixed together in a glove box 
under an argon atmosphere with total O 2 and moisture 
level less than 1 ppm. The mixture was pressed into a 
small pellet and loaded into a AI 2 O 3 crucible. The cru¬ 
cible together with the pellet was then sealed in a clean 
quartz tube under vacuum. The whole assembly was then 
put inside a tube furnace for reaction. The reaction se¬ 
quence is the same as reported by Takayama et al^. X- 
ray diffraction characterization of the material was car¬ 
ried out using a Panalytical Xpert diffractometer, mag¬ 
netic measurements using the Quantum Design MPMS, 
and specific heat measurements using the Quantum De¬ 
sign PPMS. Resistivity measurements were made using 
a Linear Research LR-400 AC Resistance Bridge oper¬ 
ated at 15.9 Hz and a modified probe in the MPMS and 
high pressure resistivity measurements were made using 
a BeCu piston-cylinder cell with a quasi-hydrostatic pres¬ 
sure medium, Fluorinert77. 

The X-ray powder pattern of SrPt 3 P is shown in Fig. 
1. The sample is rather pure, as evidenced by the match¬ 
ing of almost all peaks to the structure proposed by 
Takayama et al. The relatively good quality of the sam¬ 
ple was further verified by the rather sharp resistivity 
drop of the superconducting transition. The width of 
the resistive transition at 90% of the drop is ss 0.31 K, 


and the diamagnetic shielding is Ril.3 (without demag¬ 
netization corrections) as shown in Fig. 2 and its insets. 
The large difference between the field-cooled (FC) and 
zero-field-cooled (ZFC) data suggests type H supercon¬ 
ductivity with possible strong field pinning. 

We began our investigation of the properties of SrPt 3 P 
by applying high physical pressure to the material. The 
temperature dependent resistivity measurements under 
pressure are shown in Fig. 3. Taking the midpoint of 
the transition as the superconducting transition, we can 
clearly see an increase of the superconducting transition 
from 8.35 K at ambient pressure to a maximum 8.49 K 
at a pressure of 9.90 kbar (Fig. 3b). Further application 
of pressure beyond 9.90 kbar appears to lower the tran¬ 
sition temperature, with the highest pressure of 17.53 
kbar leading to a Tc of 8.47 K. The change in slope of 
the superconducting transition at high pressure may be 
related to its width. Measurements were taken at several 
pressures upon unloading during the course of the exper¬ 
iment; we find that the trend is largely reversible with 
a minor split (<0.01 K) between the pressure-increasing 
and pressure-decreasing branches. Upon unloading to 
ambient pressure, the Tc does not recover its original 



FIG. 1. X-ray diffraction pattern for SrPt 3 P. Unknown peaks 
are noted with a red mark. 
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FIG. 2. Temperature dependent resistivity and magnetic sus¬ 
ceptibility of SrPtaP. Inset (top left): the narrow resistive 
transition in an enlarged temperature scale from 0 to 20 K. 
Inset (bottom right): the magnetic susceptibility in ZFC and 
FC modes 


value and instead is slightly higher. Irreversible de¬ 
fects may have been introduced to the sample during the 
course of applying pressure as evidenced by our observa¬ 
tion that, upon unloading pressure, the resistivity above 
Tc is higher than before loading (Fig. 3a, inset). Previ¬ 
ous reports characterize SrPtsP as a traditional electron- 
phonon superconductor in the strong-coupling regime^’^; 
therefore, the increase in Tc upon application of high 
pressure can be explained by an increase in the charac¬ 
teristic phonon energy 0p)®- The observed decrease in 
Tc after the maximum is reached could be viewed as the 
result of a competition between an increasing Debye tem¬ 
perature and a decreasing density of states at the Fermi 
level® 

Chemical doping was also carried out for the SrPtsP 
compound. We selected Si as the dopant for two reasons: 
1) the size of the Si is very close to that of P, minimizing 
any possible interference due to size difference with the 
formation of the material; 2) the doping of Si will likely 
introduce more hole carriers and will allow the study of 
hole-doping effects theoretically proposed by Nekrasov et 
al.'^. Fig. 4 shows the results of X-ray diffraction (XRD) 
with Si doping. The XRD spectrum of the un-doped 
SrPtaP sample is compared with that of the Si-doped 
sample (in red). It is clear from this comparison that Si 
can replace P up to 20% without inducing an impurity 
phase, as evidenced by the decrease of the lattice param¬ 
eter show in the inset of Fig. 4. Higher Si-doping in 
SrPtaPi-xSix with x = 0.4 and 0.6 has also been carried 
out. Our XRD results clearly show a phase separation 
with the impurity phase increasing with x. This can also 
be seen in the deviation of Tc from linearity with x (Fig. 

5 ). 

Temperature dependent magnetization and resistivity 




FIG. 3. (a) Temperature dependent resistivity of SrPtaP at 
different pressures, (b) Enlarged temperature scale of resistiv¬ 
ity vs. temperature near Tc for SrPtaP at different pressures 
(the sequential order of runs indicated by numbers in paren¬ 
thesis). Insets: in (a) resistivity vs. temperature above Tc 
for loading and unloading runs, and (b) Tc vs pressure. 


measurements were performed on samples with x = 0 
and X = 0.2. Figure 6a shows that the onset transition 
temperature of the parent compound SrPtaP is roughly 
8.4 K. 

From our resistivity measurements, we observe sup¬ 
pression of superconductivity with a magnetic field of 3 
T to below the lowest temperature measured. The tem¬ 
perature dependent magnetization of x = 0.2 is shown 
in Fig. 6b with an onset transition temperature of ~7.8 
K. We have also performed magnetization measurements 
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FIG. 4. XRD results for the SrPtaP and SrPt 3 Po. 8 Sio .2 sam¬ 
ples. Inset: shift of the (201) XRD peak with increasing Si 
content. 


on samples with x = 0.4 and x = 0.6, and observed that 
the Tc decreases to 7.5 K and 7.0 K with increasing Si 
doping, respectively. 

Bulk superconductivity was established in both the 
parent compound SrPtsP and the sample with 20% Si, 
SrPt3Po.8Sio.2) by measuring the specific heat of both 
the parent compound SrPtaP and the sample with 20% 
Si, SrPt 3 Po, 8 Sio. 2 - We apply the a-model^^’^^ to extract 
further information from the calorimetric data, which ex¬ 
tends BCS theory by introducing a variable parameter a 
= Ao/kpTc. Subtracting the normal state specific heat 
Cn (achieved by applying 7T magnetic field) from the 
superconducting state, we can arrive at a plot of AC/T 
vs. T (Fig. 7). From this plot (knowing that the actual 



FIG. 5. Tc vs X for SrPtaPi-xSix 


FIG. 6. Top: Magnetic susceptibility vs. temperature at 
different magnetic fields for (a) SrPtaP, (b) SrPtaPo. 8 Sio. 2 ; 
resistivity vs. temperature with different magnetic fields ap¬ 
plied for (c) SrPtaP, (d) SrPt 3 Po. 8 Sio. 2 - 


value of 7 = AC/T-Cel(T)/T must lie between the low¬ 
est measured value of AC/T and the 0 K a-model value) 
we can estimate the normal state 7 values for both sam¬ 
ples. For the x = 0 sample, we find 7 = 6.31 ± 0.10 
mJ/mol ■ K^, and for the x = 0.2 sample we find 7 = 
7.77 ± 0.73 mJ/mol • K^. We arrive at a = 2.4 for x=0 
and a = 2.2 for x=0.2. From this information we can 
extract Aq = 1.65 meV for SrPtaP, which is agreeable 
with the report of Aq = 1.58 meV by Khasanov et al.^^; 
we find Aq = 1.28 meV for SrPt3Po.8Sio.2- It can be 
seen from the specific heat data that the Tc of the x=0.2 
doped sample is broader than that of the undoped sam¬ 
ple. For X = 0.2, the width is roughly 1.0 K, whereas 
for X = 0, the width is roughly 0.5 K. To verify that the 
difference in a value obtained from our fitting is not an 
artifact due to this difference between the samples, we 
artificially broadened the data of the x = 0 sample by 
assuming a 20% content with 5% lower Tc. We assume 
the same temperature dependence below Tc for the lower 
Tc component. This assumption results in a transition 
with a width that is the same as the x = 0.2 sample (1.0 
K). This modified data is still well-fitted by a = 2.4 (Fig 
8 a. inset). Comparing the scaled specific heat Cei/yTc 
vs. T/Tc (Fig. 7c) for the x=0 data and the x=0.2 data 
with equal transition temperature width, we observe a 
significant decrease in the specific heat jump AC/yTc at 
Tc from Ri 1.87 for the undoped sample to Rs 1.36 for the 
X = 0.2 doped sample. 

The apparent increase of N(eF) with Si doping is in 
agreement with previous electronic structure calculations 
showing the Fermi level located on a negative slope in 
the density of states'^. The decrease in Tc despite this 
increase in N(eF) supports the suggestion that the Tc 
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FIG. 7. AC/T vs. T for (a) SrPtsP and (b) SrPt 3 Po. 8 Sio. 2 . 
(c) Cei/7Tc vs. T/Tc for both SrPt 3 P (broadened) and 
SrPt 3 Po, 8 Sio. 2 - The red lines represents the a-model, and 
the blue lines represents the BCS-theory. Inset: AC/T vs. T 
for SrPt 3 P with a broadened transition temperature width. 


does not simply scale with N(ep)^. The observed de¬ 
crease in a could explain the observed decrease in Tc, 
and is in agreement with a previous report that decreas¬ 
ing coupling strength suppressed Tc despite an increase 
in carrier density 

In conclusion, we investigated the superconductivity in 
SrPtsP resistively, magnetically, and calorimetrically, in¬ 
cluding under the application of high physical pressure 
and with the partial replacement of phosphorus with 
silicon. The high pressure investigation yielded the re¬ 
sult that the superconducting transition temperature in¬ 
creases by a maximum of approximately 0.14 K upon 
application of pressure up to 9.90 kbar, with an appar¬ 
ent decrease in Tc beyond that pressure. Contrary to 
the previous predictions'^, hole doping with Si results in 
a systematic decrease of Tc, despite an apparent increase 
in 7 n. Our specific heat measurements demonstrate the 
bulk nature of the superconductivity in the parent com¬ 
pound as well as the silicon doped sample with x = 
0 .2; furthermore, we observe a decrease in a as well as 
AC/yTc, implying that a decreasing coupling strength 
may be responsible for the suppression of Tc. We suggest 
that the observed decrease in coupling strength, com¬ 
bined with the suppression of Tc, indicates that the vi¬ 
brational modes and hence the Tc in this system may 
be highly sensitive to and tunable by modification of the 
details of the crystal structure. 
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